AD=-A107 588 TRW DEFENSE AND SPACE SYSTEMS GROUP REDONDO BEACH CA F/6 9/%
403 MHZ SAW OSCILLATOR.(U) ~
NOV 81 D J DODSON . DAAK20~80=C=-0260
UNCLASSIFIED DELET~TR=~80-0260~F NL




Research and Development Technical Report
JELET-TR-80-026C-F

403 MHz SAW OSCILLATOR

ADA107588

<. Dodson
TRW Inc
One Space Park
“edondo Beach, CA 90278

November 1981

Final Peport

Approved for Public Release;
Jistribution Unlimited

Prepared for: 4
ELECTRONICS TECHNOLOGY & DEVICES LABORATORY

>=FRADCOM
<, . ARMY EIECTRONICS RESEARCH AND DEVELOPMENT COMMAND

Y 127 MONLIOUTH, NIV JERSEY 07703
81 1% 2 00

HITA-FM 135-7%

e R s U0, X2 T ™ ;




NOTICES

Disclaimers

‘ The citation of trade names and names of manufacturers in

: this report is not to be conatrued as official Government
indorsement or approval of commercial products or services
referenced herein.

Disposition

Destroy this report when it is no longer needed. Do not
return it to the originator.

HISA-F4-633-78

Lk-—l -

b~




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




5

Research and Development Technical Report
DELET-TR-80-0260-F

403 MHz SAW OSCILLATOR

D. J. Dodson S 3
TRW Inc

One Space Park

Redondo Beach, CA 90278

November 1981

Final Report

Approved for Public Release;
Distribution Unlimited

Prepared for:
ELECTRONICS TECHNOLOGY & DEVICES LABORATORY

FRADCOM
s~ ARMY ELECTRONICS RESEARCH AND DEVELOPMENT COMMAND
FORT MONMOUTH, NEW JERSEY 07703

HISA-FM 175-7R




NOTICES

Disclaimers

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or services
referenced herein.

Disposition

Destroy this report when it is no longer needed. Do not
return it to the originator.

HIS&-FM-633-78

b A abd g




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER |
DELET-TR-80-0260-], >-A 107 588 :
4. TITLE (and Subtitle) 8. TYPE OF REPORT & PERIOD COVERED
Final Report
403 MHz SAW Oscillator 10 November 1981
R 5. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(a; 8. CONTRACT OR GRANT NUMBER(s)
DAAK20-80-C-0260
0.J. Dodson
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10, PROGRAM ELEMENT, PROJECT, TASK
TRN Inc. DSSG REA & WORK UNIT NUMBERS
One Space Park
Redondo Beach, California 90278 612705.H94.A1.11.01
11. CONTROLLING OFF|CE NAME AND ADDRESS 12. REPORT DATE
Director, US Army Electronics Tech & Devices Lab| November 1981
ATTN: DELET-MA-A 3. NUMBER OF PAGES
Fort Monmouth, NJ 07703 80

T4, MONITORING AGENCY NAME & ADDRESS({/ diiferent from Controliing Oftice) 15. SECURITY CLASS. (of thie report)

UNCLASSIFIED

1Sa. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release; Distribution Unlimited

17. DISTRIBUTION STATEMENT (of the abstiract antered In Block 20, It different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORULS (Continue on reverse side if necessary and identity by block number)
Surface Acoustic Wave Devices
* SAW Oscillator
Quartz
\ +(..{ —
\\ ' .

ZijABﬂACT {Counrtine an reverse side H neceesary and identify by bi:;k number)

This contract provides for a sixteen (16) month program for the investigation
and exploratory development of a 200 mwa/§Aw stabilized oscillator which can be
frequency and amplitude modulated. The oscillator is to have its center fre-
quency at 403 MHz and be tunable over a/¥\3 MHz bandwidth. ° Trade-off design
studies have been performed to determine techniques which will provide the most
effective interaction of essential oscillator components, i.e., SAW delay-
line, phase shifter, coupler and amplifier, to provide a high degree of fre-
quency stability. A significant effort was made to implement the mequir‘ed;M

DD , 5%y 1473  Eormom oF 1 NOV 8% 15 uBSOLETE UNCLASSIFIED N ot

SECUMTY CLASSIFICATION OF THIS PAGE (When Data Entersd)




[ ,‘j

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Bntered)

for use in an expendable application.(“

) circuit functions in a low-cost printed circuit approach rather than utilize
high-cost commercially available components, since the oscillator is intended

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

A mama i,




CONTENTS
Page

1. SUMMARY 1

) 2. OSCILLATOR DESIGN 2
3. CIRCUIT DESIGN AND PERFORMANCE 5

. a. SAW Delay Line 5

f ‘ b. Loop Amplifier 7
E X c. Phase Shifter 7
" d. ILO 22
4. CONCLUSION 30

Appendix A 44

Appendix B 47

Appencix C 56




Eomane o

Figure No.
2-1

- 3-1
3-2
3-3
3-4
3-5
3-6
3-7
3-8
3-9
3-10
3-N
3-12
3-13
3-14
3-15
3-16
3-17
3-18
3-19
3-20
3-21
3-22

4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9
4-10

LIST OF FIGURES

Oscillator Block Diagram

Schematic of 403 MHz SAW Delay Line

403 MHz SAW Unmatched Passband and Phase
403 MHz SAW Unmatched Passband and Phase
403 MHz SAW Unmatched Reflection Coefficients
403 MHz SAW Delay Line

403 MHz SAW Matched Passband and Phase

403 MHz SAW Matched Reflection Coefficients
403 MHz SAW Amplifier

403 MHz SAW Amplifier, Gain vs Frequency
Loop Amplifier PouT VS PIn (9v bias)

403 MHz SAW Amplifier, Gain vs Frequency
403 MHz SAW Amplifier, Phase vs Frequency
403 MHz SAW Amplifier, Phase vs Freguency
Phase Shifter Block Diagram

Coupler Schematic

Coupler Load

403 Mz Breadboard Double Phase Shifter
Phase Shifter Tuning Characteristics

403 MHz ILO

Injection Locking Bandwidth vs Injection Power
Injection Locking Bandwidth vs Temperature
Output Power vs Frequency

Integrated Oscillator Circuitry
Oscillator Package

Tuning Range, Oscillator #1

Tuning Range, Oscillator #2
Intermittant Operation, Oscillator #1
Intermittant Operation, Oscillator #2
Frequency Pushing, Oscillator #1
Frequency Pushing, Oscillator #2
Temperature Stability, Oscillator #1
Temperature Stability, Oscillator #2

i




LIST OF TABLES

| Table No., Page
| 1-1 Oscillator Performance Specifications 1

' 2-1 Oscillator Specifications 4

t 4-) Settability 35
4

|

|

114




e

1. SUMMARY

The objective of this program is the development of a 403 MHz surface
acoustic wave oscillator suitable for use in an expendable radiosonde. Due
to the extreme temperature range (-70°C to +70°C) tﬁé radiosonde must operate in,
and the simultaneous deployment of many radiosondes operating within a 1imited
bandwidth, temperature stability is the oscillator's most critical performance
parameter. Stability of 200 ppm or better is required. The circuit is also
required to tune from 400 MHz to 406 MHz, transmit 200 mW (+23 dBm), and be
b\ capable of both amplitude and frequency modulation. Specified performance is

outlined in Table 1-1,

Table 1-1. Oscillator Performance Specifications

Parameter Specification Comment
Frequency 400-406 MHz Settable to 50 ppm
Stability 200 ppm -70°C to +70°C
Modulation
PAM 0 to 2000 pps
FM 100 KHz Modulation 300 KHz/V Modulation
Frequency Sensitivity
L OQutput Power 200 mW 50 ohm load
. Frequency Pulling < +20 ppm ZL = 25 to 75 ohms
; Power Supply 24y +10% Other supply voltages
<2.5 watts can be considered

During the first six months of the program the oscillator design was
completed, and all the individual RF subcircuits were designed, fabricated,
and tested. These circuits include the SAW delay 1ine, loop amplifier, phase
shifter, and an injection locked oscillator (ILO). During the second 6 months
of the program, the individual oscillator circuits were integrated to form the

radiosonde oscillator, and the oscillator was temperature compensated and tested.

1




This report discusses the overall oscillator design, gives a brief
description of the design and performance of the various subcircuits

of the oscillator, and a detailed description of the integrated oscilla-
tor's design and performance. The oscillator design is described in
Section 2, design and performance of the individual subcircuits are
described in Section 3, and the integrated oscillator design and

performance is described in Section 4.

2. OSCILLATOR DESIGN
For a general description of the radiosonde oscillator design

considerations, refer to the First Interim Report dated March, 1981

A block diagram of the 403 MHz SAW Stabilized Oscillator is shown in
Figure 2-1. The circuit consists cf a relatively low power, tunable SAW
oscillator driving an injection locked oscillator, plus associated DC circuitry.
The SAW oscillator produces approximately 20 mW (+13 dBm) RF power, tunable
from 400 MHz to 406 MHz. Both mechanical tuning for frequency selection and

electronic tuning for frequency modulation are employed, The injection locked

oscillator which is locked to the SAW oscillator output produces an RF output
in excess of 200 mW (+23 dBm). The ILO therefore provides approximately 10 dB

of gain. Bias switching circuity in the 1LO is used for pulse amplitude modu-

lation (PAM). The DC circuitry consists of a voltage regulator to minimize
frequency pushing, tuning and frequency modulation circuitry, and a
temperature compensation network to compensate primarily for varactor

reactance changes,
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Figure 2-1. Oscillator Block Diagram

Specifications for the individual oscillator subcircuits were
generated, and are summarized in Table 2-1. As these specifications
imply, a 12V supply will be used throughout as opposed to the 24V

currently used. A1l of the transistor circuitry performs optimally

with 12V or less. Only the varactors in the phase shifter would benefit
from using the full 24V available and due to the non-linear varactor
C-V relationship, this benefit is small. The 12V supply was therefore

chosen to conserve power.
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Table 2-1. OSCILLATOR SPECIFICATIONS
Specified
Circuit Parameter Performance Comments
Delay Line Center Frequency 403 +0.150 MHz ST-cut quartz
3 dB Bandwidth 6.3 MHz
Loss (Matched) < 20 dB
Delay ~100 ns
Loop Amp Frequency Band >350-450 MHz
Gain > 40 dB
PSAT > 16.5 dBm
VSWR (In,Out) < 2.51
vSupp]y 9y Regu]ated
Phase Shifter Loss <3 dB Two cascaded phase
Phase Shift >180° shifters to be used
Tuning Voltage 0-9y Regulated
Power Splitter Coupling 3.0 dB
Loss <0.5 dB
ILO Natural Frequency 403 MHz
Power Qut > +23 dBm 200 mW
Injection Locking
Bandwidth >+16 MHz
PINJ. +13 dBm
vSupply 12y Unregulated

A review of Table 2-1 points out key features of the design. The loop

amplifier gain of 40 dB exceeds the 30 dB loop loss by 10 dB. This {s adequate

to drive the amplifier well into saturation and provides margin for SAW and

phase shifter vartfations.

The delay in the SAW implies a mode spacing of

10,0 MHz. If 20 ns of delay in other components in the loop is assumed the

mode spacing would be reduced to 8.3 MHz,

3 dB bandwidth of the SAW.

This 1s well 1n excess of the 7 MHz

Two phase shifters will be used in cascade. A




single phase shifter will generally produce no more than 250° phase
shift. Therefore, two are required to produce a 360° phase shift.
The ILO will lock over a range far in excess of the 6 MHz operating
band. This is to account primarily for the drift in ILO natural

frequency with temperature.

3. CIRCUIT DESIGN AND PERFORMANCE
Refer to the First Interim Report, dated March 1981, for a detailed

description of the design and performance of the various oscillator circuits.

a. 403 MHz SAW Delay Line

It is required that the 403 MHz SAW oscillator be operated with one stable

single mode output and be tunable over the 400 MHz to 406 MHz frequency range.

To achieve this, the specifications for the SAW delay line were set as follows:

Center Frequency 403.0 +0.15 MH2
3 dB Bandwidth 6.3 +0.1 MHz
Time Delay 0.10 +0.01 usec
Insertion Loss (matched) <20 d8
Substrate ST Quartz
Temperature Stability
Turnover Temperature (To) -10°C < To < 10°C
2nd Order Temperature -8 2
Coefficient -3.2 x W o/(°C)

To meet these specifications, the delay line was designed to consist
of one long and one short transducer, closely spaced one next to the other.
The 3 dB bandwidth is largely defined by the long transducer. The transducers
are both designed to operate at the fundamental frequency and contain split
fingers to minimize reflection among fingers. The center-to-center separation
between transducers is 40.3 Ags where Ao is the acoustic wavelength.

Other design parameters are shown in the following table:

.




A Input Transducer . Output Transducer
Number of Finger Paris 30 50
Acoustic Aperture 45 Ao 45 Ao
Finger Width 1.3 um 1.3 um

The unmatched insertion loss of such a device should be approximately
40 dB. Upon matching, it can be reduced to 18 dB or less.
The schematic of the SAW delay 1ine is shown in Figure 3-1. A ground

bar has been placed between the transducers to cut down the direct electrical

feedthrough.

INPUT TRANSDUCER ‘ l OUTPUT TRANSDUCER _

Figure 3-1. SCHEMATIC OF 403 MHz SAW DELAY LINE
6




Performance of the unmatched delay line is shown in Figures 3-2
through 3-4. Matching networks for the SAW have been designed. built,
and tested. A schematic of the matched circuit is shown in Figure 3-5.

Performance of the matched delay 1ine is shown in Figures 3-6 and 3-7.

b. Loop Amplifier

The loop amplifier is used to provide gain to overcome losses in all
other loop elements. A schematic of the amplifier used for the SAW oscillator
is shown in Figure 3-8, The circuit is a three-stage, lumped element design
using two BFR 91 transistors and one MRF 559. The MRF 559 1is used in the
amplifier output stage to provide saturated output power in excess of 40 mW
(+16 dBm). A lumped element design was used to minimize circuit size. Dis-
tributed matching networks would have required more volume than available.

Test results for the amplifier are shown in Figures 3-9  through
3-13. Figure 3-9 shows linear gain in excess of 40 dB for temperatures
ranging from -70°C to +70°C. Saturation characteristics for the circuit
are shown in Figures 3-10. Saturated gain for input power of
+18 dBm is shown in Figure 3-11, Transmission phase through the amplifier
for linear and saturated operating conditions is shown in Figures 3-12

and 3-13, respectively.

c¢. Phase Shifter
The phase shifter block diagram is shown in Figure 3-14, The
circuit consists of a hybrid coupler loaded with tunable, reflective
loads. In this design, power incident at port 1 is split with equal amplitude,

and 90° relative phase between ports 2 and 3. Since the loads at ports 2 and
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Figure 3-14. PHASE SHIFTER BLOCK DIAGRAM

3 are reactive, the power incident on these loads from ports 2 and 3 is
reflected back into the coupler. The reflected signals experience a phase
shift associated with the reflection coefficient of the loads, and since the
loads are tunable this phase shift can be varied. The reflected signals
entering the coupler at ports 2 and 3 add in phase at port 4 and add out of
phase (cancel) at port 1. Therefore, this circuit will transfer a signal
incident at port 1 to port 4 with a phase shift which is a function of the

angle of the reflection coefficient of the loads.

The design of the hybrid coupler itself can be either distributed or
lumped. For this application a lumped element design was chosen to minimize

size. A schematic of this coupler is shown in Figure 3-15, where

L =19.7 nH
€ =17.9 pF
20
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Figure 3-15  COUPLER SCHEMATIC

The design of the circuit which loads the hybrid coupler is shown

in Figure 3-16. This load consists of a shunt inductance, a varactor, and a

DC blocking capacitor. The reflection coefficient of the load is

R
ZL * Zo

Z,..2
Z) = load impedance (iiﬂg—gg%——-)
ing cap
Z° = system characteristic impedance (50 ohms typical)

poe

] 1

N T _BLOCK i  FM, TUNING, TEMPERATURE
: 4 : COMPENSATION
fcvmcmn

Figure 3-16. COUPLER LOAD
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Test results for two cascaded phase shifters (consisting of 2 couplers
and 4 loads) are shown in Figure 3-17. This figure is a plot of both loss
and phase through the circuit as a function of tuning voltage. The data

shows 1oss varying from approximately 5 B at G.5V down to 2 dB at 10V. The

decreasing loss results from a decrease in dicde series resistance with
increasing reverse bias. The data aiso shows phase varying from 18° at 0.5V
to +180° at just below 2V, to -36° at 5V and back to +18° at 10V. A full
360° shift has been realized with this cascade of two phase shifters.

One of the difficulties encountered when using varactor diodes is their
capacitance variation with temperature. This variation translates into a change
in reflection coefficient and therefore a change in phase through the circuit.
The frequency of the oscillator therefore will drift with temperature.

Tests have been run on the dual phase shifter to characterize temperature

performance. The detailed results are summarized with the graph in

Figure 3-18, It is the frequency drift with temperature caused by
varactor changes which requires that a temperature compensation network

be used. The compensating voltage is summed with the tuning and modulation

voltages applied to the varactor.

d. Injection Locked Oscillator

The injection locked oscillator (ILO) is used to amplify the output
of the SAW oscillator to the required 200 mW (+23 dBm). Pulse amplitude
modulation is also accomplished in the ILO. A schematic of the circuit is
shown in Figure 3-19. The oscillator is of the form of a Colpitts with a
resonant tank in the collector circuit and feedback to the emitter. The

injection Tocking signal is applied to the emitter-base junction.

22
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Test results for the oscillator are shown in Figures 3-20 through
3-22. Figure 3-20 is a plot of injection locking bandwidth vs injection
Tocking power. Figure 3-21 shows injection locking bandwidth vs tempera-

ture. Output power vs frequency is shown in Figure 3-22.
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4.0 INTEGRATED OSCILLATOR

A photograph of the integrated oscillator circuitry is shown in
Figure 4-1, The oscillator package is shown in Figure 4-2. This package
is identical to that currently used and was provided by VIZ Manufacturing
Co., Philadelphia, PA, Test results for the integrated oscillator are
shown in Figures 4-3 through 4-10, and in Table 4-1. Figures 4-3 and
4-4 show the tuning range and output power of the two delivered oscilla-
tors. Output power was greater than +23 dBm for both circuits over the
complete tuning range. Tuning range for both oscillators exceeded the
required 400-406 MHz. Settability is shown in Table 1. Settability,
here, is a measure of how accurately frequency can be set within a few
seconds. As the table indicates, an error of approximately 20 ppm
can be expected in tuning the circuits. Intermittent operating charac-
teristics are shown in Figure: 4-5 and 4-6. For this test, the oscillia-
tor's were stabilized at an initial frequency (403.007 and 403.0J6 MHz),
turned off for 3 minutes, then turned back on. Frequency after turn-on
was observed for a minimum of 5 minutes. The curves indicate frequency
differences on the order of 5 ppm can be expected with intermittent
operation. Figures 4-7 and 4-8 show frequency pushing characteristics
of the oscillators. The curves show frequency pushing of 0.0035 MHz/V
and 0.0275 MHz/V for +1V around nominal bias. Temperature stability
of the oscillator is plotted in Figures 4-9 and 4-10. Stability for
Oscillator #1 was 200 ppm. Stability for Oscillator #2 was 305 ppm
for the 1imited temperature range of +50°C. For the +70°C range,
stability was 814 ppm. This relatively poor temperature performance
results almost totally from the temperature characteristics of the tuning

varactors.
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Figure 4-2. OSCILLATOR PACKAGE
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5.0 CONCLUSION

This program has demonstrated the feasibility of incorporating SAW
devices in radiosonde oscillator applications. It has also revealed a
fundamental problem in the design approach used here and/or in the
oscillator specifications. The requirements for temperature stability,
wide tuning range, continuous tuning, frequency modulation, and low cost
conflict with each other. The requirement for low cost dictates the use
of uncomplex circuitry, which requires Tittle or no tuning, and uses the
minimum number of components. For the design described in this report,
the cost requirement led to the use of a single delay line. The wide
tuning range required that a SAW of relatively short delay be used,
thereby effectively minimizing the stabilizing effect of the delay line.
The frequency modulation requirement dictated the use of an electronically
controlled phase shifter. For this design the varactor tuned phase
shifter was used for both tuning and modulation - again to help minimize
cost.

The resulting oscillator lacked the temperature stability inherent

in ST-cut quartz. The temperature instabilities of the varactors dominated

the oscillator stability and required the use of temperature compensation.
This performance suggests a modified design be investigated during the
advanced development of this circuit. The development of a different phase
shifter is indicated. It is recommended that a mechanical phase shifter

be used for tuning while a 1ightly coupled electronic phase shifter be used

for modulation. By lightly coupling the electronic phase shifter and

42
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requiring it to produce only a few degrees instead of 360°, stability
can be improved by a factor of ~100. The mechanical phase shifter
should provide the full 360° phase shift. Development of a mechanical
phase shifter will not be trivial. The requirements for stability,
continuous tuning, small volume, and low cost complicate the design;
but this approach will allow the SAW to dominate the temperature drift

of other oscillator circuits.
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APPENDIX A

SAW PERFORMANCE vs TEMPERATURE MEASUREMENTS
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APPENDIX B

AMPLIFIER PERFORMANCE

VS

SUPPLY VOLTAGE AND TEMPERATURE
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APPENDIX C

PHASE SHIFTER CHARACTERISTICS
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